A new nano silicagel supported by thionyl chloride as a solid acid was synthesized and used as a increasing the production yield of dye to affect the efficient diazotization of arylamines. The diazonium salts thus obtained were coupled, using standard experimental procedures, to anilines and naphthols to afford the requisite azo dyes in good yield. The diazotization and subsequent azo-coupling generated the related azo dyes at low temperature in short reaction times with a simple experimental procedure.
Introduction
Azo compounds are considered to be the most widely used class of industrial synthesized organic dyes due to their versatile applications in various fields, such as dyeing textile fiber, biological-pharmacological activities and advanced application in organic synthesis [1] [2] [3] [4] [5] [6] . The usual azo dyes synthesis methods require some difficult conditions like low temperature, high pressure and also the use of dense liquid acids [7] [8] [9] . These problems can be removed by using nano solid acids. Solid acid catalysts have served as important functional materials for chemicals production. Processes involving conventional acids are, however, typically associated with problems of high toxicity, catalyst waste, use of a large amount of catalyst, and difficulty of recycling. Replacement of liquid acids with solid ones is desirable in chemical industry because solid acids are environmentally friendly with respect to corrosiveness, safety, reduced waste and ease of use 10, 11 .
Many studies have reported the diazotization of aniline derivatives [12] [13] [14] [15] [16] . Lyčka and coworkers reported the synthesis of some phenylazonaphthols in 1-butyl-3-methylimidazolium tetrafluoroborate using a coupling reaction of (4-x-benzene)diazonium tetrafluoroborates (X=H and NO2) with 1-and 2-naphthols and their sodium salts 17 . Noroozi et al. synthesized azo dyes via diazotization of aniline derivatives and subsequent azo-couplings in the presence of p-toluenesulfonic acid by grinding 18 .
The use of nano solid acid in azo dyes synthesis increases the production yield of dye and reduces the period of time that is required for dye synthesis. Another problem that can be tackled by this method refers to the unstability of diazonium salt solution, The diazonium salt is unstable at room temperature in usual methods of azo dyes synthesis, and would become stable via the use of the method presented in this paper.
Experimental
Melting points were determined with an Electrothermal 9100 apparatus. Elemental analyses were performed using a Costech ECS 4010 CHNS-O analyzer at analytical laboratory of Islamic Azad University Yazd branch. Fourier transform infrared (FTIR) spectra were recorded on a Shimadzu 8400 FTIR spectrophotometer. The UV-Visible spectra were obtained on a Varion Carry 100 Scan spectrometer. 1 H and 13 C NMR spectra were recorded on Bruker DRX-500 Avance spectrometer at solution in CDCl 3 using TMS as internal standard. The chemicals used in this work were purchased from Fluka (Buchs, Switzerland) and were used without further purification.
General Procedure for Preparation of Nano Silicagel Supported by Thionyl Chloride:
Nano silicagel (5 g) with a particle size of 20 nm was placed in oven for 1h in order to activate it. Thionyl chloride (10 mL) was then added gradually over 15 min and the reaction continued for 1h with stirring. The temperature of the mixture was then increased to 70˚C. The resulting compound was placed in vaccum desicator for 24 h to obtain the white powder of nano silicagel supported by thionyl chloride.
General Procedure for Preparation of Compounds (3a,b)
To a magnetically stirred solution of 2-aminobenzoic acid 1 (1 mmol) and sodium nitrite (2 mL,10%) in acetone (10 mL) was added supported nano silicagel (0.04 g). The reaction mixture was then stirred for 10 min at room temperature, while stirring to obtain diazonium salt solution 2. The resulting diazonium salt was slowly added to the solution of 2-naphtol (1 mmol) in acetone and sodium hydroxide (5 mL, 5%) and was added to adjust the pH to 6-7, the reaction mixture was then stirred for 10 min at room temperature. The solvent was evaporated at reduced pressure. The residue was precipitated, filtered and washed with diethyl ether to give the pure product 3. 13 . 13 
2-(2-Hydroxy-naphthalen-1-ylazo)-benzoic acid (3a)

4-(2-Hydroxy-naphthalen-1-ylazo)-benzoic acid (3b)
Results and Discussion
We now introduce a new nano silicagel supported by thionyl chloride as a solid acid that can act as increasing the production yield of dye for the efficient conversion of aryl amines to their corresponding diazonium salts. Azo-coupling of these diazonium salts afforded the related azo dyes in good yields (Figure 1 The structures of compounds 3a,b were deduced from their elemental analyses and their IR, 1 H NMR, 13 C NMR spectra. The dyes were applied to wool and nylon fibers, and their technical properties on the fibers were investigated. Dyeing was carried out in a Rota dyer (Nasaj Sanat Yazd) using a liquor ratio of 40:1, pH= 5-5.5 (acetic acid) at 1.5% o.m.f. (Figure 2 ). At the end of dyeing, the excess dye was removed by subjecting the dyeing to conventional alkali clearing which was undertaken using a 50:1 liquor ratio, 2.5 g/L sodium hydroxide and 1 g / L detergent for 30 min at 80 •c . The alkali cleared samples were rinsed and allowed to dry.
The absorbance of the dye solution was measured at the wavelength of maximum absorption (λ max ) of the dye using a UV-Visible spectrophotometer. The exhaustion E of the dyes on the fibers was calculated according to Eq.
Where A 0 and A 1 are the absorbance values of the dye-bath before and after the dyeing process, respectively and A 2 is the absorbance value of the clearing-bath. The cleared, dyed fabrics were tested according to the AATCC 107-2002 wash test. The change in shade and staining of adjacent multifibre was assessed using the S.D.C gray scales. A light fastness test was carried out in accordance with the ATCC 16-2004 test method.
The maximum exhaustion(E%) and the wavelength of maximum absorption(λ max ) for both dyes are presented in Table 1 and the fastness properties of the novel synthesized azoic dyes on nylon and wool are listed in Table 2 . 
Conclusion
In summary, two azo dyes containing COOH group have been synthesized by the diazonium coupling reaction of two different aromatic amines, using nano silicagel supported by thionyl chloride as a solid acid. It could be drawn from the results that using this new method in order to synthesis the dyes based on 2-naphthol is economical and harmless to the environment due to the elimination of dense liquid acids. The dyes can be provided by the use of silica gel base in room temperature, with a high yield, in a short time and above all, with no use of dense liquid acids. After synthesis, the dyes were applied to wool and nylon fibers, and their technical properties on the fibers were investigated. The dyes showed an acceptable dyeability and good wash fastness on both fiber types. Besides, the light fastness on nylon and wool fibers was shown to be moderate and good, respectively.
